introduced the speakers at the Meeting. He said that in view of the great interest being displayed generally in electromyography and in electronic stimulators, and the variety of such machines being made by manufacturers, a critical evaluation of these would be most useful.
Some Aspects of Electrodiagnosis and Electrotherapy in the Royal Air Force
By Squadron Leader E. F. MASON, M.B.E., M.B., Ch.B., D.Phys.Med. ORTHOPEDIC Surgery and Physical Medicine in the Royal Air Force are predominately concerned with the treatment of trauma among males between the ages of 18 and 40 years. The majority of these men are skilled and therefore valuable tradesmen, whether they be air crew or ground crew. During the war it was necessary for us to attempt to get them back to their jobs as quickly as possible, and among other things, we built up a comprehensive rehabilitation service to cater for this problem.
There were, in the Royal Air Force, many skilled technicians, to whom we might well apply the term "Back-room boys", who were concerned, among other things, with the intricacies of electrical installations, especially radar, and it is to them we turned in search of improved methods to apply to both electrodiagnosis and electrotherapy. A special medical research unit, now known as the Technical Repair and Development Section, was formed. It is the results of the endeavours of this Section to meet our medical demands which my colleague and I wish to discuss, and I cannot praise too highly their technical advances both during the war, and since. The trauma suffered by many personnel, especially air crew, caused peripheral nerve damage, a type of injury which results in many months of disability. A special peripheral nerve injury centre was created at one of our main hospitals. The work of Gutmann and Guttmann [2] in 1942 had shown that adequate electrical stimulation of denervated muscles slowed down the process of atrophy of muscle fibres, and this was supported by the work of Bowden and Gutmann [3] in 1944, and by Jackson and Seddon [4] in 1945. They showed that atrophy is most rapid in the early stages of paralysis, and that electrotherapy reduces the rate of connective tissue formation. The general conclusion drawn by these workers was that it is essential that electrotherapy should not only be regular and adequate, but should begin as soon as possible after nerve injury. It was impossible to say whether electrotherapy, adequately applied, would cut down the time of recovery.
Interrupted galvanism has been the therapy of choice in the treatment of peripheral nerve injuries. It is usually necessary to employ the longitudinal reaction, with the electrodes placed in such a way that the best possible muscular contraction is obtained. Unfortunately, daily therapy results in ionic burning, which necessitates either a reversal of the current or an alteration in the position of the electrodes, both alternatives causing a less adequate contraction.
Was there perhaps some method of solving the problem of ionic burning without moving the electrodes or reversing the current? Our technicians were consulted, and produced in 1944 a machine which they called the "balanced pulse generator". It dispensed a square-topped pulse of 300 milliseconds' duration at a repetition rate of 30 per minute. In the intervals between the stimuli, the current was automatically reversed by the machine in order to cancel out any ionization, this reversed current being subliminal and occupying the remainder of the period between stimuli. Diagrammatically this can be represented as follows (see fig. 1 ): The duration of the impulse of 300 milliseconds had been arrived at mainly by trial and error, using pulses in a gradation of 100 milliseconds, from 100 milliseconds to 1 second. The 300 millisecond pulse was considered the one which gave the most adequate contraction and which was also borne most comfortably by the patient. Chemical tests such as the use of litmus paper under the electrodes proved that no ionization occurred, and this was borne out in therapy. We were thus able to stimulate our denervated muscles for periods of ten to twenty minutes twice a day, or even more often if we desired. Treatment by means of the balanced pulse generator rapidly became the method of choice in our physiotherapy departments and rehabilitation centres when interrupted galvanism was called for, and was soon popular among physiotherapists and patients alike.
In January 1947 we met to consider an improved design of balanced pulse generator. Several commercial designs of thermionic valve stimulator were considered. We felt that we could improve our own balanced pulse generator by the addition of pulses of various lengths and frequencies, still utilizing the balanced pulse principle. The feeling of us all was that such a machine would materially increase the scope of electrotherapy. It would also provide a diagnostic set for the plotting of intensityduration curves. Ritchie [5] and Bauwens [1] had published their results on the use of graduated pulses for diagnostic purposes, but at this time no investigations had been carried out on the therapeutic value of such pulses. We were proposing to combine diagnostic and therapeutic properties in one machine, a scheme which we realized would be open to criticism. The accent, however, was on therapy and not diagnosis, and our ultimate aim was the production of a combined table, using thermionic valve circuits, which we felt would have many advantages over existing models, and would also provide the means for testing for the new reaction of degeneration, namely, by the drawing of intensity-duration curves. The set (see fig. 2 ) became available for preliminary clinical trials in June 1947, and on August 15 I received it at the R.A.F. Rehabilitation Centre at Mongewell Park. The set provides:
(1) A range of pulses 0 03, 01, 0 3, 1, 3, 10, 100, 300 milliseconds.
(2) Surging of the 100 and 300 millisecond pulses at 30 per minute.
(3) Interruption of the short pulses (0.03, 0.1, 0 3, 1) at 50 per second with surging at 30 per minute.
(4) Continuous galvanic output for ionization therapy. All pulses are balanced, thus eliminating skin reaction. Output calibration is practically unaffected by mains supply changes, valve deterioration, or patient-resistance or -capacity. The output is high-200 volts peak to peak-controlled by a large directly calibrated dial. In therapeutic use, any particular pulse can be selected quickly and easily, since voltage and pulse duration are accurately known. An electronic surging circuit is incorporated, which is superior to contemporary mechanical surgers in that an adequately long rest period between consecutive surges is provided, and there are no moving parts or contacts to wear or cause radio interference. The equipment is completely silent in operation. The set has been used mainly in cases of recovery from peripheral nerve injury and cases of anterior poliomyelitis, and since I began to use it, has become extremely popular both with physiotherapists and patients. It has proved to have two main advantages over existing methods of muscular stimulation. First, a more adequate contraction can be obtained, secondly, there is less patient-discomfort. All physiotherapists agree that the pulses in the faradic band, namely the 3, 1, and 03 millisecond pulses, give a far more adequate contraction than the induced current when stimulating groups of small muscles, such as forearm and hand muscles. Some patients state that they feel the impulse is too sharp, has too much of a kick in it, but all prefer it to conventional faradic stimulation. Groups of large muscles, such as quadriceps, can be satisfactorily stimulated also. Here it appears that patient-discomfort is largely dependent on electrode size.
The galvanic pulses have proved extremely valuable for paralysed small muscles, and have the added advantage of eradicating ionic burning. Some patients again state that the stimulus is too sharp.
In several cases of anterior poliomyelitis with commencing muscle recovery, and before contraction to pulses in the faradic band can be obtained, the shorter galvanic pulses have proved the more effective, so that there is apparently an "optimum" pulse, which can be applied to this particular stage of recovery. Sufficient investigation, however, has not yet been carried out to determine whether this is so.
The stimulator has proved entirely satisfactory for the drawing of I.T. curves, although I have not yet investigated a sufficient number of cases to be of statistical value. Ordinary everyday usage in a busy physiotherapy department has not affected the accuracy of the set, and a recent technical test has shown that the pulses are within ± 5 % of the accuracy obtained when the set was constructed. [The set was §hown to the meeting.] Our next development was to split off from the parent set, the separate faradic and galvanic functions, and especially was this so with the faradic component which had proved so excellent in practice. The faradic stimulator is a small, easily portable machine which generates a square wave form of one millisecond's duration. The pulse is interrupted 50 times a second and surged electronically 30 times a minute.
Cathode-ray oscilloscope displays show the differences between the damped oscillation of the induced current and the square-wave form of the stimulator (figs. 3 and 4) . The design is such that alteration of pulse recurrence and surging rates We are still in the process of developing the new galvanic stimulator which will be an improved version of the old balanced pulse generator.
It is not suggested that these devices represent the last word in electrical stimulation of nerve and muscle. There is as yet no proof that the square-wave form is the best shape of impulse and, in fact, it would appear that a less steeply rising wave front may give an equally adequate muscular contraction, whilst adding even further to the comfort factor for the patient. Not until we can accurately generate an impulse which will produce in tissues a stimulus similar to that generated by our own nervous systems, can we hope to reach the acme of muscular contraction by artificial means. I wish to acknowledge the encouragement I have received in developing these sets from Mr. H. Osmond Clarke and Group Captain C. J. S. 0O'Malley, and I wish to thank the Director-General of Medical Services of the Royal Air Force for permission to publish this paper.
